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PRIZE PROBLEMS FOR STUDENTS. 























I Solve the equations 
x yf? (at — y'*) = 2340, 
ry (2 — 1) (2 + y?) = 1794, 


by quadratics. — Communicated by E. A. Horxtns, Cleveland, Ohio. 





II. Given the lengths of the three perpendiculars dropped from 
any point in the plane of an equilateral triangle upon the sides; to 
find the segments of the sides.— Communicated by F. E. Towrr, 
Amherst College. 

Ill. Ife denote the edge of any regular dodecahedron, and 8 = 36°, 
prove that 


5 e cot? 5 e* tan? 45 
solidity = 5 arg) = Ty Gin on 27" 
Also obtain similar formulas for the solidity of the icosahedron. — 
Communicated by Prof. D. W. Hoyr. 

IV. A given cylindrical vessel, filled with water, is placed with its 
base upon a horizontal plane. It is required to determine the angle 
of inclination to which the plane must be raised before the vessel 
will fall, the water being at liberty to overflow its top. The base is 
supposed to be fixed so as to prevent it from sliding, but not from 
tilting when the plane is inclined. — Communicated by Professor 
Kirkwoop. 

V. Bisect the attraction which a sphere of varying density exerts 

VOL. IL. 42 
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upon an exterior point; that is, divide the sphere so that the two 
parts shall exert the same attractive force in the same direction. 


Solutions of these problems must be received by September 1, 
1860. 





REPORT OF THE JUDGES UPON THE SOLUTIONS OF THE 
PRIZE PROBLEMS IN No. VII., Vol. II. 
Tue first Prize is awarded to Joun A. Wineprener, Princeton Col- 
lege, N. J. 
The second Prize is awarded to Groraz C. Rounp, Wesleyan Uni- 
versity, Middletown, Ct. 
The third Prize is awarded to Lewis Footz, O. C. Seminary, Caze- 


novia, N. Y. 
PrizE SOLUTION or Prosiem I. 


By Miss Harriet S. Hazevtine, Worcester, Mass. 


Prove that an arithmetic mean is greater than a geometric. 


Let  —y and x -++-y denote the extremes; then z is the arith- 
metic and ¥ (2?7— y*) the geometric mean, and it is evident that 
a= y¥e>y(e—y’). 

Seconp Sotution.— Let a> b; then a—b>0;@—2ab+P>0; 
@+2ab+P >4ab; a+b> 2yab; ~ 4 (a+d)> yad. 
— G. 8. Morison, Harvard College. 


Prize So.tutTion oF ProsBLEM II. 


Let three bodies with velocities V, V’, V’’, move uniformly in the same direction, 
in the circumference of a circle. Required the time of their conjunction, supposing 


them to quit a given point at the same time. 


Let C@ denote the circumference of the circle ; then, since V— V’ 
and V — V” are respectively the gains of V upon V’ and V” in the 


y 


, : 0 O , , 
same unit of time, ;-—; and vy will denote the times which 


will elapse between the instant of starting and the conjunctions of 


V, V’ and V,V” respectively. And the least common multiple of 
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these times, or their product if they are prime to each other, will 
give the time which will elapse between successive conjunctions of 
the three bodies. 

This is essentially the solution given by several of the competitors. 


Prize Sotvution OF Prostem III. 


By StockwELt BeEtrEs, Boston, Mass. 


The diameter of a circle inscribed in the quadrant of a second circle is equal to the 
side of the regular octagon circumscribed about the second circle. 


Bisect the quadrant by the line A, and draw the tangent CB 
at K. Next, bisect the angles CAK and KAB, and JL will be 
the side of the circumscribed octagon. The 
centre of the circle inscribed in the triangle 
CAB is the same as that inscribed in the 
quadrant, and it is at the intersection, H, of 
the lines bisecting the angles of the triangle. 
The triangles AKL and BKAH are equal, 
and therefore KH— KL. But KI= KL; 
therefore JZ = 2 HA. 

Seconp Sorutiox.— LK and L £, tangents at KA and £, are half 
sides of the octagon. Draw LW parallel to AB; then angle 
RHAL=KAB=KELA, -.. £H=EL=—LE= AM= HN, 
therefore H isthe centre of the inscribed circle. — Jonn R. Emery, 
Princeton College, New Jersey. 





Prize Sotvution or Prosiem IV. 


By Cadet Artnvr H. Durron, West Point, N. Y., and Hiram L. Gear, Marietta College, Ohio. 
Required the locus of the centres of the circles inscribed within all the right-angled 
triangles which can be inscribed in a given semicircle. 
Let P be the centre of a circle inscribed in any right-angled 
triangle, A BC, which can be inscribed in the semicircle A ZB. 
Draw the diameter /F perpendicular to AC, and join BF, PC, 
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and FC. Because B F bisects the angle A B C, it passes through the 
point P. But FP C>=PBC+BCP=ACF4PCA=PCF. 
Therefore the triangle FP C is isosce- 
les, and the point P is in the circumfer- 
ence of a circle of which F is the centre, 
and radius C= 0 Cy 2. 

Seconp Sotvution. — The centre of the 
inscribed circle is at the intersection of 
the lines bisecting the angles at the 
base, and as the sum of these angles is 





constant, the half sum is also constant ; 
and hence the vertical angle of this sec- 
ond triangle is constant, and since the base is constant, the locus of 
these points must be in a circle. —Joun A. Wineprener, Princeton 
College, N. Y. 

Tuirp Sotution.— Let (xy) be the co-ordinates of the point P, 
O being the origin, and r the radius of circle ABC. But tan(P AC 


+ PCA)=tan45°=1, and since tan PAC= cau tan PCA=-—*- 


r—zx’ 


we have by the usual formula, 2? + 7° + 2ry =’; or changing 


the origin to F, 2* + 7? = 27’, therefore the locus of the point P 
is a circle whose centre is F. 
All the analytical solutions are essentially the same. 


Prize SoLuTion oF Prosiem V. 
By W. F. Osporne, Wesleyan University, Middletown, Ct. 

From a box containing a very large number of white and black balls, of each an 
equal number, three balls are taken at random and placed in a bag without being seen. 
A takes a ball at random from the bag, observes its color, and replaces it four times in 
succession. The ball was white on each of the four drawings. What are the respec- 


tive probabilities that the bag contains 1, 2, or 3 white balls? 


The balls as drawn from the box and placed in the bag will be, 
either no white, 54; one white, wd4, bwb, bbw; two white, ww, 




















— 
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whw, bww; or three white, www. Hence, before drawing from the 
bag, the chances that the balls are one white, two white, three 
white are respectively 3, 3, 1. 

Now, if there is only one white ball in the bag, the chances that 
it will be drawn four successive times are (})*; if two of the balls 
are white, the chances are (?)*; if three of the balls are white the 


chances are (#)*. Combining, we get 3(4)*=a1,y, $(3)'= oo 





4 (3)*= 3%, as the a priori probabilities that a white ball was drawn 
from the bag four times in succession. But since a white ball is 
drawn four successive times, the respective probabilities are 
1 a 16 a 27 
l+lé+a MW’ 1i+ie+a WW’ 1+i6+277 


bro 
Is 





NOTES AND QUERIES. 

1. Notes on the Inclined Plane and the Wedge. — Let AB C represent 
any inclined plane; W the weight, placed at 0; P the power, which 
is constant and may be denoted 
by Oa, the radius of a circle; 
and # the reaction in the line 
O D perpendicular to the plane. 
The condition of equilibrium 
will be represented by the three 
sides of a triangle. R must | 
always act in the line OD, W } 
must be perpendicular to the 
horizon, and P may vary in di- 
rection, and will give different 
values for R and W in different 
positions. 

When P acts in the line Oa, 
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W must be in the same line, and therefore P = Wand R= 0. 
When / acts in the line Og, R must act in the same line, and 
therefore P = R and W=0. All the positions including the limits 
are then represented as follows : — 


Paz O« W= Oa and & = 0 (min.) 
P= 0} W= bv’ “ R= OF 

Px O¢ W= ce’ (max.) * Bae Oe’ 

P= Od W—dd “ R=0Od (max. ) 
P= Oe W= ee’ “« R= Oe’ 

P =z Og W = 0 (min.) “ R= Og. 


In general W increases from an equality with P to its maximum 
value when P acts parallel to the plane, and afterwards decreases 
again to its minimum value, or zero, when / acts perpendicular to 
the plane. / increases from its minimum value, or zero, to its max- 
imum, when / acts parallel to the base of the plane, then decreases 
again to equality with P, when P acts perpendicularly to the plane. 
When P acts in directions beyond the limits Oa and Og, negative 
results for Wand £& are obtained, of an interesting character. 

Let ABC represent any wedge 
whatever; also # #’ and 77” any 
resistances whatever, acting at any 
angles, @ and 6’. Resolve & &’ into 
RM and R M; and RM into RN 
and MN. Also in like manner re- 
solve 7'7” into 7’ V and 7’V; and 
TV into VS and S 7. Produce 
RM and 7 V until they meet in 0, 
and beyond 0 take OX = VT, and 
OY=RM. Next, complete the 





= —_ — 


parallelogram OX PY; then draw the diagonal 0 P, and lastly, 
resolve 0 P into OP’ and PP’. MN represents the effective force 
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of & &’, and VS that of 77". Therefore when there is an equi- 
librium, MN+VS=> PP. 

From Y draw YX perpendicular to P P’, and complete the 
parallelogram Y KL O. The triangles 2 MN and L AJ” are equal, 
since the sides are respectively parallel, and LK = 0 Y= RM by 
construction ; therefore P’ K= MN. The triangles P KY and 
7’VS are equal, for a similar reason, and PK = VS. Conse- 
quently MN+VS=>PK+KP=>PF.. This method of 
resolution also gives the place £, where the power P P’ must be 
applied to produce equilibrium. When the prolongation of RM 
and 7'V meet in a point 0 beyond B C, either to the right or left, 
negative results are obtained. — Prof. Jonn L. Campsett, Wabash Col- 
lege, Crawfordsville, Ind. 

2. Law of Gravity. Solution of the problem on page 204, Vol. IT. 
— Two similar systems of bodies have. all corresponding linear 
dimensions in the same ratio to each other; that is, the linear 
dimensions and the distances apart of the bodies are in the one 
system in a fixed ratio to those of the other. 

In order that two similar systems may remain similar for succes- 
sive instants of time, it is necessary that the motions of correspond- 
ing bodies be in the same relative directions infer se, and that the 
velocities of corresponding motions be proportional to the linear 
dimensions of the two systems. 

If, now, these motions be continually modified by the action of 
central fixed forces, or by forces dependent directly upon the masses 
of the bodies, and upon some function of their distances apart, then, 
since the changes in the motions must also be proportional to the 
dimensions of the systems and to the motions themselves, the values 
of these central forces will be proportional to the same dimensions. 
But the forces, so far as they are dependent upon the masses, are 
proportional to the cubes of the linear dimensions; hence, so far as 
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they depend upon the distances, they must be inversely proportional 
to the squares of these dimensions, in order that on the whole, from 
the masses and distances combined, they may be simply dependent 
on the first power of the distances, dimensions, and velocities of the 
bodies. Hence the law of gravity, and conversely corresponding 
motions of revolution or oscillation in two similar systems must, by 
the law of gravity, have the same periods, since the dimensions of the 
paths or orbits of these motions, their velocities, and their changes of 
velocity, are all proportional to the dimensions of the systems. 

Hence all measures of time, whether by periods of orbital, of 
rotary, or of oscillatory motions, are by the law of gravity inde- 
pendent of the dimensions of the material universe; and if the 
solar sytem had been constructed on the scale of a common plane- 
tarium, it would still have moved, by virtue of the forces inherent 
in matter, pari passu, through the same phases of motion and con- 
figuration, with the same periods as now. — W. 


3. Develop the Naperian logarithm of z into a series. — 


Put «= y + 1; then dz = dy, and * = <. But by division 
1 
gai lst He —F +H &. 


dx dy ‘a 
-=yii= dy —ydy+fdy—ydy+ydy &e. 


By integration 
loga=y—3P +347 —t4+4Y ke. 
Restoring the value of y = z — 1, we get 
log «= (x — 1) —1 (a — 1? + f(x — 1 —}4(e#— 1 &. 
— Artemas Marti, Franklin, Pa. 


4. Note on Right-angled Triangles. —1 have for many years kept on 


hand for my own convenience a list of the fifty two right-angled 
triangles described by Professor Horr in the May number of the 
Monthly. I prepared the series by using the formula 
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(@ + BF = (@ — BF + (208), 
which is easily seen to be true, and in which any numbers whatever 
may take the places of a and J. If for these letters we substitute 
the natural numbers in succession we shall obtain thirty sets of 
numbers no one of which will exceed a hundred ; fourteen of these 
however are equimultiples of some of the others, and twenty-two 
other multiple sets may be found within the same limit. We thus 
find, as Professor Hoyt has done, fifty-two right-angled triangles whose 
sides are expressed by integral numbers not exceeding one hundred, 
and sizteen of which are dissimilar in form. I cannot now call to 
mind where I found the formula given above.— Prof. E. 8. Syexz, 
Amherst College, Mass. 

5. Note on Equal Temperaments. — It is assumed that the number of 
vibrations in a given time, producing a musical tone, is to the num- 
ber producing its octave as 1 is to 2; that the numbers in like man- 
ner corresponding to a note and its “fifth” are to each other as 1 to 
1.5; and that in a scale of equal temperament the numbers corres- 
ponding to the successive tones are in geometrical progression. 
Required, the number of equal intervals into which an octave must 
be divided, so as-to have one of the tones approximate nearly to a 
“fifth.” Let 2 = the ratio in the geometrical progression, y = the 
number of intervals approximating the fifth. z= the number of 
intervals in the octave. Then 


(1) 2 = 1.5 nearly, (2) # = 2, 
(3) ylogz = log 1.5 nearly, (4) wz logz = log2. 
Dividing (3) by (4) we obtain 
y 


7 — 176091 
* = dibht nearly, 


which, by the method of continued fractions, gives the approximate 
values 
VOL. II. 43 
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t= by ia Fi $4 3d%, Ke. 

The approximation % gives y = 3, « = 5; whence by (2) 
z= 1.14871; and by (1) the fifth, 2” = 1.557. This error of .0157 
is too great to be tolerated by the musical ear. The approximation 
z'z would give y= 7, x= 12, 2 = 1.05946, and 2 = 1.49830. 
This is the usual chromatic scale, and as the error in the “ fifth” 
is but .0017 it satisfies the ordinary ear. The approximation 324 
would give as the ratio of the fifth 27 = 1.50042, an error of only 
00042. The approximation 2} would, like 54, give a flatted fifth ; 
its ratio would be 2” = 1,49994, and this error of .00006 would 
probably be quite imperceptible even to the nicest ear. An instru- 
ment to play 53 notes in an octave would, however, probably be 
difficult of construction; nor can we expect voices to move with 
certainty through such small intervals.—M. H. Dootrrriz, Sopho- 
more Class, Antioch College, Ohio. 

Additional Note by Rev. Tuomas Hit, President of Antioch Col- 
lege. — Mr. Doour1te has calculated the values of the approximation 
2 as follows : — 


1.0000, 1.1487, 1.3195, 1.5157, 1.7411, 2.0000. 


The nearest notes to these, in the twelve-semitone scale, are C, D, 
F, G, B-flat, C, which will instantly be recognized as the scale of 
B-flat, with the seventh and fourth omitted, that is, the scale of the 
old Scotch melodies. Thus it appears that this old-fashioned scale 
approximates rudely towards a division of the octave into five equal 
divisions. The simple fractions which approximate most nearly to 
these values are #, 4, 3, }, and perhaps the Scotch singer may 
follow these simpler divisions when singing without a keyed or 
fretted instrument. If, with Mr. Pootz, we admit the prime seventh 


into our musical theories, this is a point perhaps worthy of investi- 
gation. 
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Mr. Doourrrix’s 5-note scale differs from the Scotch in taking C 
instead of B-flat as the tonic. If we add to it the note A, retaining 
C as the tonic, it becomes identical with the Irish scale, in which, for 
example, “ Huggamur pene on Sambhruliun” is written. 





THE MOTIONS OF FLUIDS AND SOLIDS RELATIVE TO 
THE EARTH’S SURFACE. 


[Continued from Page 97.] 


SECTION VI. 


ON THE MOTIONS OF THE OCEAN. 


72. Bestpes the actions of the sun and moon which give rise to 
the tides, there are only two causes which can produce any sensible 
motions on the waters of the ocean. One of these is the action of 
the atmosphere upon the surface of the ocean, and the other, the 
difference of density between the water near the equator and that 
towards the poles, arising from a difference of temperature. The 
general motions of the atmosphere at the surface of the ocean have 
a tendency to cause a westward motion of the water in the torrid 
zone, and an eastward motion in the middle and higher latitudes ; 
and from what we know of the effects of strong winds upon the 
ocean, we have reason to think that these general motions of the 
atmosphere are adequate to produce sensible motions, since, after the 
inertia of the water is once overcome, which, however small the 
force, is only a question of time, the only force necessary is that 
which is adequate to overcome the resistance of friction, which is 
very small where the velocity is small. The difference of density 
between the equator and the poles causes a slight interchanging 
motion of the water between them, and consequently, where not 
interrupted by continents, it produces a system of motions in the 
ocean similar to those of the atmosphere. Hence these two causes 
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of oceanic disturbance, whatever their relative weight, both act in 
the same directions, and conjointly cause the observed westward 
motion of the ocean near the equator, and eastward motion towards 
the poles. 

73. The westward motion of the water of the ocean in the torrid 
zone was first observed by Columbus, and is now well established ; 
and observations also show that there is a motion towards the east 


in the higher latitudes. A bottle thrown into the ocean near Cape 


Horn was picked up three and a half years afterward at port Philip, 
Australia, a distance of 9000 miles, which makes the eastward 
velocity in that latitude more than 7 miles per day. And Sir James 
Ross, when sailing eastward near Prince Edward’s Island, found 
himself every day from 12 to 16 miles by observation in advance of 
his reckoning. (Voyage to the Antarctic Seas, Vol. II. p. 96.) But a 
westward motion being established in the torrid zone, an eastward 
motion in the higher latitudes must be admitted; for, as was shown 
in the case of the atmosphere (§ 35), the one cannot exist without 
the other. 

74. It has generally been supposed that the equatorial westward 
current of the ocean is caused principally by the action of the 
westward winds there; but Professor Guyot thinks that “it is too 
deep and rapid to admit of being explained by their action alone,” 
and that “the difference of temperature between the regions near 
the equator and those near the poles controls all other causes by its 
power and the constancy of its action.” (arth and Man, pp. 189, 
190.) The torsive or deflecting force which causes the westward 
motion of the atmosphere and the ocean in the equatorial regions, 
and the eastward motion in the higher latitudes, has been shown to 
be as the velocity of the interchanging motion between the equato- 
rial and the polar regions; and hence if this motion in both were 
similar, the relative amount of this force in each must be as the 
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whole mass multiplied into the velocity of this motion between the 
equator and the poles. If we suppose the ocean to be 3 miles in 
depth, its mass is about 500 times that of the atmosphere, and hence 
if the motion between the equator and the poles were only 51, of 
that of the atmosphere, the part of the force which gives it a west- 
ward motion near the equator, and an eastward motion toward the 
poles, arising from this cause, must be greater than that of the action 
of the atmosphere upon it, since the whole amount of this force in 
the atmosphere is not spent upon the ocean, but only that part 
which overcomes the resistances to its motions. Although the effect 
of temperature in producing a difference of density, and consequent- 
ly of disturbing the equilibrium, is very much less in the ocean than 


in the atmosphere, yet since the amount of motion which a given 


disturbing force will produce where time is not considered, depends, 
as has been stated, upon the amount of the resistances, and not upon 
the amount of inertia to be overcome; and since the resistances 
diminish as the square of the velocity, a very small amount of 
disturbing force arising from a difference of density must be ade- 
quate to cause an interchanging motion in the ocean between the 
equatorial and the polar regions equal to 1, of that of the atmos- 
phere ; and hence we have reason to think that a greater part of the 
motions of the ocean is due to this cause than to the action of the 
atmosphere upon it. 

75. The motions of the ocean being similar to those of the 
atmosphere, they must cause a slight elevation of the surface about 
the parallels of 30°, and a depression at the equator and the poles, 
just as in the case of the atmosphere, except that it will be less in 
the ratio of the relative velocities of the motions of the ocean and 
of the atmosphere. If we suppose the east and west motions of the 
ocean to be ,5 of those of the atmosphere at the earth’s surface, as 
given in the third column of the computed table (§ 48), which would 
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require the maximum eastward velocity in the southern hemisphere 
to be about 10 miles per day, it would cause the surface of the ocean 
in the southern hemisphere to be about 15 feet higher at the parallel 
of 30° than at the pole, and also a little higher than at the equator. 
Now if the motions which cause this accumulation of water were 
the same at the bottom of the ocean as at the surface, there would 
be no tendency of the water to flow out at the bottom from beneath 
this accumulation ; but since the motions there must be much less, it 
must flow out both toward the equator and the pole, especially to- 
ward the latter, as the depression there is much the greater. Since 
the density of sea-water does not increase below the temperature 
of 28°, the density of the ocean does not increase beyond a certain 
latitude, and hence there is no flow of the water at the bottom from 
the poles toward the equator, arising from the maximum density at 
the pole, as seems to be the case in a very slight degree in the 
atmosphere, but the under current at the bottom, arising from the 
greater pressure about the parallel of 30°, must extend entirely to 
the poles; so that there must be a slight tendency of the water to 
rise at the poles, and flow at the surface some distance towards the 
middle latitudes. As the water toward the bottom of the ocean is 
always about the same as the mean temperature of the earth, when 
it first rises to the surface at the pole, it must be much warmer than 
it is after it has flowed some distance from it, and hence we have 
reason to think that there may be open polar seas, surrounded by 
barriers of ice at some distance from the pole, where there is the 
maximum temperature of the surface water. A surface current from 
the poles is indicated by the motions of icebergs in both hemispheres 
from the polar regions towards a lower latitude. 

76. Where the east and west motions of the ocean are entirely 
intercepted by continents, as in the northern hemisphere, the water 
receives a slight gyratory motion from left to right. The westward 
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motion of the waters of the Atlantic in the torrid zone, impinging 
against the continent of America, causes the surface of the water of 
the Caribbean Sea and the Gulf of Mexico to be a little above the 
general level, while the eastward motion of the northern part of the 
Atlantic causes the surface of the water adjacent to the eastern 
coast of North America, in that latitude, to be a little lower. Hence 
there is a flow of warm water from the Gulf of Mexico along the 
coast of the United States toward the lower level about Newfound- 
land, which, on account of the peculiar configuration of the coast 
about the Gulf of Mexico and the peninsula of Florida, gives rise to 
the Gulf Stream. The eastward motion also of the northern part of 
the Atlantic causes the surface of the water on the western coast of 
Europe to be a little Aigher than the general level, while the west- 
ward motion in the torrid zone causes it to be depressed, on the 
western coast of Africa, a little delow this level, and hence the water 
of the eastern side of the Atlantic, flowing from a higher to a lower 
level, has a motion toward the equator. The whole of the North 
Atlantic has therefore a very slight gyratory motion from left to 
right, and is supposed to make a complete gyration in about three 
years. 

77. A portion of the equatorial current flowing from the higher 
level of the Caribbean Sea toward Cape Horn causes the Brazil 
current, which is deflected eastward by the general eastward motion 
of the Southern Ocean. The east side of the South Atlantic, as well 
as that of the North Atlantic, seems to have a motion toward the 
equator. Says Sir James Ross, “There is a current from the Cape 
of Good Hope along the west coast of Africa 60 miles wide, 200 
fathoms deep, with a velocity of one mile per hour, of the mean 
temperature of the ocean.” (Voyage to the Southern Seas, Vol. II. p. 35.) 
This cannot be a portion of the Mozambique current from the 
warm waters of the Indian Ocean, passing around the Cape of Good 
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Hope, and giving rise to the equatorial current of the Atlantic, as 
has been supposed, but must come from the colder waters of the 
Southern Ocean. Hence the South Atlantic also has a tendency to 
assume a gyratory motion, and the equatorial current of the Atlantic 
is merely the equatorial portion of these two gyrations, with perhaps 
a small part of the Mozambique current passing around the Cape. 

78. The general eastward motion of the water of the northern 
part of the Atlantic, and the consequent depression of the water 
next the coast of North America, is the cause of the cold current of 
water flowing from Baffin’s Bay and the east coast of Greenland, 
between the Gulf Stream and the coast of the United States, called 
the Greenland current. Since the warm water of the Gulf Stream, 
in flowing northward, is deflected toward the east (§ 32), and that of 
the Greenland current, in flowing south, tends toward the west, 
there is no intermingling of the waters of the two currents, but they 
are kept entirely separate as if divided by a wall, as has been estab- 
lished by the Coast Survey. 

79. There must be a motion of the waters somewhat similar to 
the Gulf Stream and the Greenland current, wherever the great 
equatorial current impinges against a continent, and the eastward 
motion toward the poles is interrupted. Hence, on the eastern coast 
of South America there is the warm Brazil current which has been 
mentioned, and on the eastern coast of Asia there is the warm 
China current, flowing toward the north, similar to the Gulf Stream, 
and the cold Asiatic current insinuating itself between it and the 
coast, like the Greenland current. On the east coast of Africa, also, 
there is the Mozambique current flowing south like the Brazil 
current, and it is also now well established that, east of the Cape of 
Good Hope, the general tendency of the water is toward the south. 
This water must mingle with the general eastward current of the 
South Sea, and hence there is a slight tendency to a gyratory motion 
in the Indian Ocean also. 
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80. On the western sides of the continents there is a motion 
somewhat the reverse of this, and instead of a warm current flow- 
ing north, there is a cold one flowing toward the equator, as has 
been shown to be the case in the Atlantic. Hence, on the west coast 
of North America there is a flow of colder water along the coast 
from the north, and on the west coast of South America is Hum- 
boldt’s current, much colder than the rest of the ocean in the same 
latitude, both tending toward the equator to join the great westward 
current there across the Pacific, and to fill up, as it were, the vacuum 
which this current has a tendency to leave about the equator, on the 
west coast of America. 

81. When a portion of fluid on the earth’s surface gyrates from 
left to right, the deflecting force arising from the earth’s rotation 
being in this case toward the interior, the surface assumes a slightly 
convex form. If, however, the velocity of gyration were equal 
to twice that of the earth’s rotation multiplied by the cosine of the 
polar distance, the centrifugal force arising from the gyration would 
be exactly equal to the centripetal force arising from the earth’s 
rotation, and consequently they would neutralize each other, and if 
the velocity of gyration were still greater, the surface would be con- 
vex, as has been shown in §30. The water of the North Atlantic 
having a very small gyratory velocity in comparison with that of 
the earth’s rotation, the interior is a little elevated above the general 
level, and consequently the pressure upon the bottom increased. If 
we suppose a circular portion of it, 3,000 miles in diameter, with 
its centre on the parallel of 50°, to perform a gyration from left to 
right in three years, equation (50) would give an elevation of five 
feet in the middle above the level of the external part. This equa- 
tion, however, on account of the term which has been neglected in 
‘the analysis (§ 25), is not strictly applicable to so large a portion of 
fluid, but still it gives the order of the effect produced. Now the 
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gyrations which cause this elevation in the middle being principally 
towards the top, the increased pressure upon the bottom causes the 
fluid there to flow out on all sides, with a very small velocity, 
towards the circumference, and hence the water at the surface has a 
slight tendency to flow in from all sides towards the interior to 
supply its place. This completely accounts for that vast accumula- 
tion of drift and sea-weed, covering a large portion of the interior of 
the North Atlantic, called the Sargasso Sea. From what has been 
stated, the North Pacific must also have a slight gyratory motion 
from. left to right, and hence it likewise has its Sargasso Sea. 





ON THE MATHEMATICAL THEORY OF HEAT IN 
EQUILIBRIUM. 


By Simon Newcomp, Nautical Almanac Office, Cambridge, Mass. 


SECTION I. 


TEMPERATURE. 


1. Ir is proposed to present the basis of this portion of the theory 
of heat in a simple form. We start from the following hypotheses 
which may be considered as inductions from observation. 

First. Every material surface radiates heat at a rate dependent on 
the nature of its substance, and the amount of heat or caloric which 
it contains; and the law of direction of this radiation is such that 
the amount of heat which falls on any point is proportional to the 
solid angle subtended by the surface at that point. 

Second. Every material surface absorbs a certain portion of the 


heat which radiates on it from other surfaces, transmits another por- 
tion, and reflects the remainder. 


The term, material surface, is here used in nearly the same sense 
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as in mechanics, and is understood to mean a layer of matter so thin 
that whatever heat falls on one side of it will be equally absorbed 
by, or instantly diffused through, its whole thickness. A body may 
be considered as composed of an indefinite series of such surfaces, 
not in actual contact, and through which heat is conducted by suc- 
cessive radiation from particle to particle, or surface to surface. 
Since in our present paper we consider only heat in equilibrium, we 
shall not touch upon the laws of conduction, or molecular radiation, 
but shall suppose that the amount of heat which the external sur- 
face of a body radiates into the interior is just equal to that which 
it receives from it. In this case the temperature of the body is the 
same as that of its surface. 


2. Two surfaces are said to be at the same temperature, when, 
being brought into contiguity, the amount of heat radiated from 
each is equal to that absorbed. One of these surfaces may be con- 
sidered as that of a thermometer, and the temperature of the other 


will be measured by the temperature of the thermometer when the 
two are in equilibrium. 

Let us now find the condition that two bodies shall be at the same 
temperature. For this purpose let ph represent the amount of heat 
radiated from a unit of surface of the first body in a unit of time, 
and qg’ #’ that radiated from the second. / is supposed to represent 
the amount of heat contained in a unit of quantity of the body, and 
¢ is a function dependent on the nature of the body. Also, let d 
and J’ represent the fractions of the heat which the surfaces respec- 
tively absorb of the whole amount of heat which falls on them, 
When the heat is in equilibrium between the surfaces, it is evident 
that the quantity passing from the first surface to the second, by 
reflection and radiation, must be equal to that passing in the other 
direction. Represent this quantity by g. Then dg will be the 
quantity absorbed by the first body in a unit of time, d’g that 
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absorbed by the second. But the quantity absorbed being equal to 
that radiated, we have the two equations, 


gh =b'g, ph=bg; 


from which we obtain 
(1) 


and these quotients, or any function of them, we may take as the 
measure of the temperature of the bodies or surfaces in question. 
I say any function of them, because we can have no absolute meas- 
ure of temperature, properly speaking. For example, what shall 
we take as the mean temperature between the freezing and boiling 
points of water, which we represent by 50° Centigrade, or 122° Fah- 
renheit? Suppose that we suffer water at the freezing point to 
absorb just half the heat necessary to raise it to the boiling point, 
and call its temperature 50° C. Suppose also that we take other 
substances at 0°, and suffer them to absorb half the heat necessary to 
raise them to 100°. If now it were found that all substances would 
under these circumstances exhibit the same temperature by ex- 
posure to the thermometer we should be justified in calling their 
temperature 50°. But such would be far from being the case; and 
mathematically considered, it is arbitrary what substance we shall 
select, the temperature of which should furnish our standard of 50°. 
But it is found that under the circumstances supposed, all gases 
would exhibit sensibly the same temperature, whether the experi- 
ment was performed on gas under constant pressure, or under con- 
stant volume, and moreover, in the former case the expansion would 
have been sensibly half of the whole expansion. It also seems 
highly probable that if we could subject solid substances to constant 
volume, we should find them to come into the same category with 
gases. Since, however, in the present paper, we consider only 
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equal temperatures, no difficulty will arise from the adoption of any 
arbitrary scale of temperature, we shall therefore take e” as the 


b 
expression for the temperature of any body. 


SECTION II. 


SPECIFIC HEAT. 


3. By the specific heat of a body is understood the amount of 
heat necessary to raise the temperature of a unit of its mass 1°. 


More properly it is the value of 7 t representing the temperature, 


and the mass of the body being supposed unity. The specific heat 
of a body is therefore, putting t = 


gh 
re 


bdh 

d gh — 
or w is the expression of a relationship between the absorbent power of a 
body, and the differential of us radiant power. It will be observed that 
we have supposed the absorbent power of the body to be constant, 
as its temperature rises; this is admissible because we cannot dis- 
tinguish between the heat which a body reflects, and that which it 
radiates, so that even if the supposition of constant absorbent power 
be not true, all the phenomena will still be represented by suitably 
changing the form of the function 9g. 

To make the above definition of specific heat clear, suppose that 


<7 is exceedingly small, in other words, that supplying the body 


with a large amount of heat will increase very slightly the amount 
of heat it radiates. Then the thermometer by being brought into 
contiguity with the body will need very little additional heat to 
make its increase of radiation compensate that of the body, and thus 
be brought into equilibrium with it, and thus a very large accession 
of heat to the body will make a very slight increase in its tempera- 
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ture. But it is evident that in this case the above expression for 
e would be very great. 

2d. Suppose now that 4 is exceedingly small, or that the surface 
reflects very nearly all the heat which falls on it, and that an 
increase of heat produces but an average increase in the rapidity 
with which heat is radiated by the surface. Then, if while the ther- 
mometer and the surface of the body are contiguous and in equilibri- 
um, we add a small quantity of heat to the latter, the rapidity with 
which it radiates heat will be sighily increased. But, since nearly 
all the heat which is either radiated or reflected from the thermom- 
eter to the surface of the body is instantly reflected from that 
surface back to the thermometer, the latter may require a con- 
siderable addition of heat to make the additional heat absorbed 
by the surface equal to the additional amount radiated, and thus the 
addition of a small absolute amount of heat to the surface would 
have greatly increased its apparent temperature. But it is evident 
that in the case supposed the value of g would be very small. 

4, The fact, that if we expose a body to an external temperature 
slightly below its own temperature, the latter will fall just as fast as 
it would rise if the external temperature were elevated by the same 
amount above it, is sometimes adduced as indicating a relationship 
between the radiant and absorbent powers of surfaces in general. 
But from what has been said it is quite evident that no such rela- 
tionship exists; moreover, the observed fact (as above expressed) is 
a necessary result of the hypotheses respecting the radiation and 
absorption of heat cited in the commencement of the present paper. 
For, let g’ 4’ represent the radiant power, and 3’ the absorbent power 
of the external medium ; g the rapidity with which heat passes from 
the body to the medium, g’ the rapidity with which it passes in the 
opposite direction. We then have 


g9= ph+(1—d)g’; (=P +(1—0)g. 
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Also for the rapidity with which the body loses heat, we have 


dh, pga (sk_ 9 ¥) _ WG) 

heel ait, haaaalllt, 7) = pepe 

If, then, the scale of temperature which we have adopted coincides 
with that of the experiment, the above-mentioned phenomenon will 
hold true for all differences of temperature ; in any case it will be 
true when the differences are small. 


SECTION III. 


TEMPERATURE OF BODIES EXPOSED TO THE SUN. 


5. Hitherto we have considered only the phenomena of heat in 
equilibrium between two contiguous surfaces. Let us now investi- 
gate the laws of temperature of bodies exposed only to the heat 
radiated from a distant centre,as the sun. Our first problem will be 
to find the temperature of a plane surface exposed perpendicularly 
to the rays of the sun, and backed by a perfect non-conducting sur- 
face, or by another surface in equilibrium with it. If we represent 
by r the intensity of the radiant heat of the sun, and by 4, the 
coefficient of absorption of the surface for perpendicular rays, the 
condition that the surface shall radiate as much heat as it absorbs 
gives 


gh= \r, 
and for the temperature we have 

gh b 

bb 


A distinction is made between 0, and b pecause a surface does not 
necessarily absorb an equal portion of heat falling on it at every 
angle. To find the relationship between 4, and 3d, suppose a small 
extent of surface to be placed inside of a closed surface. If the 
apparent hemisphere formed by the portion of the closed surface 
seen from one side of the enclosed surface be divided into very nar- 
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row zones parallel to the latter, it follows from the first hypothesis 
that the amount of heat radiated on a spherical point on the enclosed 
surface will be proportional to the apparent area of the zone, and 
therefore to cos @, when @ represents the angle which a line drawn 
from any point of a zone to the surface makes with the latter. But 
the amount of heat which falls on any assigned portion of the sur- 
face will be proportional to that which would fall on a spherical 
point multiplied by sin@. Wherefore the quantity of heat which 
will fall on the surface, making angles of incidence between 6 and 
6 + d@, will be represented by ph sm26d6. If, then, 4, represents 
the absorbent power of a surface for heat radiating on it at an 
angle 0, its average coefficient of absorption, or J, will be 


ad 
Jf'i; sin 20 d0 =6. 
0 


If, now, 4, is the same function of 6 for all substances, and if the 
coefficient of absorption for the rays of the sun is the same as that 
for rays radiated by a thermometer, or bears the same ratio to it ; 
then the surfaces of all substances ought, under the circumstances 
supposed, to attain the same temperature. It seems highly probable 
that this would be the case in nature. 

The above expression for the number of rays which a surface, or 
any small portion of it, receives at any angle of incidence may be 
regarded as general. Suppose that a surface receives rays from a 


single source, and takes successively every possible angular position, 


in other words, that a normal to the surface points successively and 
equally in every direction of the celestial sphere. It is evident that 
the fime spent by this normal at an angular distance of 6’ from the 
radiating point will be proportional to sin 6’, and that the rapidity 
with which the surface receives rays, while the normal is at this 
angle, is proportional to cos 6’. Whence the number of rays which 
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it receives will, as before, be proportional to sin 26’, and sin 26, 
since we have 6’ = 90° — @. 

6. Let there be a solid body, of any form whatever, but not con- 
cave in any part, and opaque to the rays of heat, exposed in the 
planetary spaces to the rays of the sun, supposed parallel, every 
side of the body being turned rapidly and indiscrimmately toward 
the sun. To find its temperature, we observe that any element of 
its surface will, on the whole, receive one fourth as much heat from 
the sun as if it were exposed directly to its rays at right angles. 
The average quantity of heat radiated on a unit of the surface dur- 
ing a unit of time will then be 7. The average amount absorbed 
will be }4r. The amount radiated, ph. Whence, as the condition 
of equilibrium, we have 

- == ir. 
And this we may regard as the average, or normal temperature due 
to the intensity of the rays of the sun. 

7. We now come to a more important question. Suppose that 
the solid of the preceding paragraph is covered with a very thin 
layer, partially diathermanous to the rays of the sun, but entirely 
opaque to those emanating from the body. Let bd’ represent the 
coefficient of absorption of the layer with respect to the sun, d” its 
coefficient with respect to the heat radiated from the enclosed body ; 
b the coefficient of absorption of the body, supposed the same for all 
rays. Also, let 7’ represent the average amount of heat radiated 
directly from the sun, through the layer into the body in a unit of 
time, on a unit of surface of the body, mh and gi’ the radiant pow- 
ers of the body and layer respectively. If, then, we represent, as 
before, by g the quantity of heat passing each way between the in- 
terior surface of the layer, and the exterior surface of the body, we 
have, in the case of equilibrium, 
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g=9FN+(1—HV)9g+7, g=(1—b)9+ 9h; 
from which we obtain 


S. 229 
ea b! 


The condition of equilibrium between the heat radiated from the 
layer and that received from the sun gives 

gq’ h’ — ce + yr’. 
We have therefore for the temperature of the body 


pont an ee 
eo” [lL 


We conclude from this, that by covering a planet with an atmos- 
phere, or other medium, having the property of glass, and probably 
of our own atmosphere, in being more diathermanous to the radiant 
heat of the sun than to that of the planet, and also having a very 


small absorbing power, the temperature of the planet might be raised 
to any limit. A similar remark will apply to a thermometer placed 
within a glass case, which ought to rise much higher, on exposure 
to the sun, than it would if placed in a similar case of rock-salt or 
wood. If, however, the atmosphere or the case have not the above- 
mentioned property, no possible combination of other properties can 
make it cause the planet to be above the normal temperature due 
to the radiant heat of the sun and stars. It is therefore a mistake 
to suppose that increasing the absorbent power of an atmosphere 
will increase its heating properties; on the contrary, it is evident 
from the last equation that such increase would diminish its power of 
raising the temperature of the planet above the normal. It would, 
however, tend to equalize the temperature at different times during 
the same day. 
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ANSWER TO PROF. F. W. BARDWELL’S NOTE “ON THE 
HORIZONTAL THRUST OF EMBANKMENTS.” Vol. II., P. 52. 


By Cart. D. P. Woopsury, U. S. Corps of Engineers. 


Proressor Barpwe tt has not I think fully considered the conditions 
of the problem in question. Equation (1), Vol. 1, p. 176, is, I be- 
lieve, “the formula usually given.” It is given by Ponceter and by 
many others, and has often been extended to a similar problem, the 
sliding thrust of arches. 

Place a book against a vertical wall and apply the horizontal force 
necessary to keep it there. What sustains the book? Nothing but 
the friction due to this horizontal force. Incline the wall, the 
weight of the book will introduce a new element of friction, but we 
are not at liberty to neglect the first. The whole effect of friction 
in retarding motion, is equal to the whole normal pressure multi- 
plied by a constant. 

The investigation in question was confined to a particular case, 
though a case of very frequent occurrence, not elsewhere, so far as 
I know, specially treated. I mean the case in which the surface of 
the embankment is parallel to the natural slope of earth. 

Professor Barvwet had in view, probably, “the angle of friction.” 
If that were the object sought, his formula would be correct; for 
then, by the conditions of the problem, the horizontal force would 
be zero. 

If we take into consideration the cohesion of particles, ¢ per unit 
of surface along the base of the prism tending to slide, equations 
(1), (2), (4), Vol. 1, p. 176, will be changed as follows : — 

(1) F’siny + (F’ cosy + Qsinv) f + eee as Q cos v. 


sin (4a — v) 


(2) r= Q tan (a _ v) _ ch sin? a 


sin (a — v) cos (a — v) * 
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° : 2¢ sina 
(4) F’=}F sin’ a — thsina (1 cosa tan v’ + - ) , 


sin v’ cos v’ 
The maximum of /” will correspond to the least value of the sub- 
tracted quantity, that is to 


Qe 


tang = tan (a — 0) = Wire y,s 


and the maximum itself is 


2Qch 4¢ 
ff 4. fF? 


~ 


F = 1/? sin?’ a — h sina cosa V 


; hAV(2cefh 4¢? 
= pldpp—“VENhe ) 
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A Treatise on Attractions, LAPLACE’s Functions, and the Figure of the Earth. By Joun H. 
Pratt, M. A., Archdeacon of Calcutta, late Fellow of Gonville and Caius College, Cambridge, 
and author of The Mathematical Principles of Mechanical Philosophy.” pp. 126. Cam- 
bridge: MacMillan & Co., and 23 Henrietta Street, Covent Garden, London. 1860. 

This little volume is really a monograph upon the Figure of the Earth, the subjects of Attrac- 
tions and Lapiace’s Functions being prefixed for the sake of giving, in the same volume, just 
what the student will need in the discussion. Short Treatises, on special subjects, like the one 
before us, and Mr. Goprray’s on the Lunar Theory already briefly noticed in the Monthly, 
are becoming quite common in England, and the plan is a good one; for those who wish to 
study a particular subject can now, in many cases, find it in a small volume of moderate price. 
Besides, when a subject is treated by itself, in a single volume, the author is more likely to give 
it symmetry and completeness; and the attention of the student is not diverted by matter 
which does not belong to the subject. The first chapter gives the attraction of spherical and 
spheroidal bodies, and shows for what laws of attraction the matter may be considered as con- 
densed into the centre, together with Ivory’s theorem for finding the attraction of an ellipsoid 
upon an external particle. ‘The second chapter treats of LapLace’s Coefficients and Func- 
tions, giving the proof that 


BVtLDVAMRV=0, or —49! m, 


according as the attracted particle is or is not a part of the attracting mass, V being the Po- 
tential. This equation is shown to be true when R, the reciprocal of the distance of the 
attracted particle from any point in the body, is put in the place of V. The equation in R 
is then transformed into polar co-ordinates, and the method of expanding R into a series 
involving Lapiace’s coefficients is given; and the remainder of the chapter is devoted to 














the investigation of the properties of these coefficients. In chapter third LApLAcr’s co- 
efficients are used to determine the attraction of bodies nearly spherical; and it is shown 
that the part of the potential V which pertains to the excess of the attracting mass over 
a sphere can be expressed in terms of these coefficients. The fourth chapter is devoted 
to the attraction of bodies neither spherical nor spheroidal, nor nearly so; and it is shown 
how to calculate the effects of high table lands, and irregular mountain masses, on the 
plumb-line or spirit-level. The next chapter, which is the first on the Figure of the Earth, 
investigates this figure considered as a fluid mass, and therefore consisting of nearly spheri- 
eal strata; and shows that the surface of a homogeneous mass of fluid, in the form of a sphe- 
roid, revolving about an axis with uniform velocity, is in equilibrium. In this chapter we 
also find a review of Mr. Hopkins’s argument to show that the crust of the earth is at least 
one thousand miles thick; with some special investigations confirming this result. The second 
chapter investigates the figure on the sole hypothesis of the surface being one of equilibrium 
and nearly spherical ; and is essentially the same as that of Professor Stoke’s Memoir Pub- 
lished in the Cambridge Philosophical Transactions for 1849, The third and last chapter shows 
how to determine the figure by geodetic operations. In the former chapter the ellipticity was 
found to be x}, nearly, upon a priori grounds; and in the next and last chapter this result is 
tested by measurement, “ by inquiring whether an ellipse can be found with its axis coinciding 
with that of the Earth, and cutting the plumb-line at stations along it at right angles; and 
whether the ellipticity of that ellipse is 545.” We commend this volume to those who wish to 
study the subject discussed in it. 

Supplementary Researches in the Higher Algebra, by James Cock.r, M. A., F.R. A.S. 
Read by Rev. Ropert Hartey, F.R.A.S., before the Literary and Philosophical Society 
of Manchester, England, Nov. 29th, 1859. (Abstract communicated to the Mathematical 
Monthly.) 

“In these Supplementary Researches the author extends the elementary formule given in 
§ 2 of his original memoir; compares the cyclical and the epimetric views of the function U ; 
and, following the former, is led to a new cyclical theorem which affords an easy demonstration 
of a proposition asserted in § 28. Mr. Cocke then applies Mr. HarLeEy’s cyclical process to 
the deduction of certain relations between unsymmetric functions; relations attained with a 
facility which the labor Mr. Cockie formerly expended upon epimetrics well enables him to 
appreciate. The author next considers his symbol @ as a rational and symmetric, but otherwise 
arbitrary, function of four other functions, one of the latter functions, again, being a rational, 
but otherwise arbitrary, function of four arbitrary symbols, and the remaining three functions 
heing derived from it by the three phases of an interchange which, provided it be of the fourth 
degree, is otherwise arbitrary. He then expresses the results of all the binary interchanges 
that can be performed on @ in terms of the single ones (and it should be noticed that from 
these the results of the ternary and higher interchanges may be obtained), and infers that 6 
may be regarded as the root of a sextic of which the coefficients are symmetric functions of the 
four arbitrary symbols. Mr. Cocke then shows that if we group the six forms of @ two and 
two, the two members of each group being derivable one from the other by the conjugate 
interchanges, then the members of a group are inseparable by any interchanges whatever that 
can be performed upon the arbitrary symbols which enter into 6. So that symmetric functions 
of symmetric groups may be formed which are unsymmetric in 6, but yet unchanged by any 
permutations of the four arbitrary symbols. Consequently, if we apply the four arbitrary 
symbols as multipliers to four of the roots of a quintic, add the products to the fifth root and 
make the sum a constituent of 6, the symmetric group-function will be a rational function of 
the fifth root, and therefore the root of a quintic into the coefficients of which the arbitrary 
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symbols enter symmetrically. In order to give the greatest simplicity to the sextic in 6, the 
arbitrary symbols may have any suitable values assigned to them, and if we strive after a Sym- 
METRIC Propvct we find that those values are unreal fifth roots of unity. Mr. CockLE adds, 
that the method of Symmetric Products has no special affinity for any particular theory of 
equations, and that although the evanescence of the resolvent product brings it into relation 
with that of LAGRANGE and VANDERMONDE, yet that better results may be deduced by 
applying it to EULEr’s and Bezovt’s theory, and without supposing that product to vanish.” 


A Treatise on the Calculus of Finite Differences. By Grorcre Bootr, D.C. L., Honorary 
Member of the Cambridge Philosophical Society, Professor of Mathematics in the Queen’s 
University, Ireland. Cambridge: MacMillan & Co., and 23 Henrietta Street, Covent Garden, 
London. 1860. pp. 248. 

This work is composed on precisely the same plan as the author’s Treatise on Differential 
Equations, a notice of which may be found in a previous number of the Monthly. In the work 
before us, particular attention is paid to the connection of its methods with those of the Differ- 
ential Caleulus; and it possesses all those peculiar merits as a text-book which were found to 
characterize the Treatise on Differential Equations ; namely, a natural and logical arrangement 
of the parts of the subject, each part being followed with a careful selection of appropriate 
examples, the answers to which are collected at the end of the volume. In the brief space at 
our disposal, we cannot do better than give the heads under which the subject is treated. 
Chapter I. Nature of the Calculus of Finite Differences; II. Direct Theorems of Finite Dif- 
ferences; III. Of Interpolation; IV. Finite Integration; V. Convergency and Divergency 
of Series; VI. The Approximate Summation of Series; VII. Equations of Differences; VIII. 
Equations of Differences of the first Order, but not of the first Degree ; IX. Linear Equations 
with variable Coefficients ; X. Of Equations of Partial and of Mixed Differences, and of Simul- 
taneous Equations of Differences; XI. Of the Calculus of Functions; XII. Geometrical 
Applications. 

This summary must suffice to give a general idea of the work, which we especially recom- 
mend to those teachers and students who wish to have at least one good work upon each of 
the various departments of mathematics. 


Astronomical Notices, No. 20. Albany, June 30, 1860. — Besides a very complete and valu- 
able article on the Solar Eclipse of July 18, 1860, by R. T. Paine, Esq., of Boston, we find a 
letter from Pror. G. P. Bonp, from which we extract elements of the Comet discovered at 
Harvard College Observatory, June 21, by Mr. H. P. Turrie. 


Elements of Comet Iil., 1860. 
H. P. Torrie. T. H. Sarrorp. 


T = 1860, June 15.76914, Gr. m. t. T = 1860, June 15.4618, Wash. m. t. 
log q = 9.46238 log q = 9.45862 


y 


° _ ° ; sow 
mw = 160 34 53 w = 160 31 wet | 
Q = 84 48 15> Ap. Eq. Q = 85 10 31> Ap. Eq. 
i= 7919 5) Motion direct. i= 79 20 41 


orbits are computed from Cambridge observations of June 21, 24, 25. 





Giitorial Htems. 


WE have received the following solutions of the Prize problems in the April number of the 
Monthly : — 

Harariet S. HWazettine, Worcester, Mass., Probs. L., II. 

R. B. CanFiELD, Columbia College, N. Y., Probs. I, IIL, IV. 

Isaac H. Turret, Mt. Carmel, Ind., Probs. III., IV., V. 

Henry B. Waterman, Yale College, Ct., Probs. I., IL, I1., IV., V. 

E. O. Gisson, Sheshequim, Pa., Probs. I., IL, II. 

D. G. Bryeuam, Ellicotteville, N. Y., Probs. IIL, IV. 

WitiraM Minto, University of Michigan, Probs. III., TV. 

Joun R. Emery, College of New Jersey, Probs. III, IV., V. 

Cadet Artuur H. Dutton, Military Academy, West Point, Probs. I., IL, III, IV., V. 

CHARLES F isu, Patten, Me., I., IL, HL, IV. 

GeorceE B. Hicks, Cleveland, Ohio, Probs. ITI, IV., V. 

GusTAvus FRANKENSTEIN, Springfield, Ohio, Probs. III, IV. 

Joun A. WINEBRENER, Princeton College, N. J., Probs. IIL, IV., V. 

WituraM Hincactirirre, Barre Plains, Mass., Probs. L, III., IV. 

Horace C. SyLtvester, Boston, Mass., Prob. III. 

F. E. Tower, Amherst College, Mass., Probs. IIL, TV. 

Levi S. Packarp, Chatham, N. Y., Probs. I., IL, II. 

S. J. Batpwin, Chester, N. J., Probs. I., II. 

Lewis Foorr, Cazenovia Seminary, N. Y., Probs. I., I. 

WIt.1aM Srupson, White Plains, N. Y., Probs. I., IIT., IV. 

W. F. Osporne, Wesleyan University, Ct., Probs. IIL, IV., V. 

M. K. Bosworth, Marietta College, Ohio, Probs. III., IV., V. 

Hiram L. Gear, Marietta College, Ohio, Probs. IIL, IV., V. 

G. S. Morison, Harvard College, Prob. I. 

Asner B. Evans, Madison University, N. Y., Probs. I, II., II, IV., V. 

Georce A. OsBorne, JR., Lawrence Scientific School, Cambridge, Mass., Probs. ITIL, IV., V. 

GeorcGeE C. Rounp, Wesleyan University, Probs. Il., IV., V. 

W. W. Wermore, Hamilton College, N. Y.. Probs. IIL, IV., V. 

Davip TrowsripGE, Perry City, N. Y., Probs. L, IL, II1., IV., V. 

H. C. Corey, Exeter, N. H., Prob. IIL. 

STOCKWELL BetTEs, Boston, Mass., Probs. III., IV., V. 


Harvard Mathematical Prizes. — Two Prizes, of two hundred and fifty dollars each, offered 
by the Hon. Joun C. Gray, “to the two members of the Class of 1860 who shall be found, 
after a special and thorough examination in the Second Term of their Senior year, to have 
made the greatest proficiency in the study of Pure Mathematics,” have been awarded to C. M. 
Woopwarp, of Fitchburg, Mass., and C. A. Pariirps, of Salem, Mass., by a committee con- 
sisting of Mr. J. B. Hencx, Dr. B. A. Gourp, Mr. J. D. Runxie, and Mr. Cuauncey 
Wricat, in connection with the Instructors in the Mathematical department of the College. 
Mr. Gray has offered the same Prizes, with the same conditions, to members of the Class 
of 1861. 
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Boyden Premium. — U. A. Boypen, Esq , of Boston, Mass., offers a Premium of one thou- 
sand dollars “to any resident of North America, who shall determine by experiment whether 
all rays of light and other physical rays, are, or are not transmitted with the same velocity.” 
Competitors must transmit their memoirs to WiLL1AM Hamitton, Actuary of the Franklin 
Institute, Philadelphia, before the first of January, 1862. 


Prof. Peirce’s Portrait.— It gives us great pleasure to present to our readers in this num- 
ber of the Monthly an admirable portrait of Pror. Bensamin Petrce, of Harvard University, 
engraved by the eminently successful and distinguished artist, H. Wrigut Situ, Esq., of 
Boston, from an excellent daguerrotype taken by Messrs. Sournwortu and Hawes; and 
to be able to assure all his personal and scientific friends, both at home and abroad, that it is 
recognized by his family and intimate friends as a most accurate likeness. The daguerreotype 
was taken just previous to his sailing for Europe, and we can see in the portrait a faint trace of 
the ill health which it is hoped his six months’ absence abroad will entirely remove. 


Pror. WILLIAM FERREL and Mr. Son NEwcoms, of the Nautical Almanac Office, have 
been detailed by the Superintendent, Commander C. H. Davis, to observe the Solar Eclipse 
of July 18th, at Cumberland House, a station of the Hon. Hudson’s Bay Company on Sas- 
katchewan River. 


Epwarp Sawyer, Esq., of Boston, sends us the following Errata in SuHortrepr’s Loga- 
rithmic Tables. On page 7, log 3262, for 3.2134840 read 3.5134840; on page 31, log 24451, 
for .3882996 read .3882966. On page 285, line 2, Mathematical Monthly, Vol. IL, for 


“acute angles,” read adjacent angles; on page 286, line 9, for _— satat” 

Books Recervep. — Illustrated Catalogue of Philosophical Apparatus. Epwarp S. Ritcntr, 
No. 313 Washington Street, Boston. This new edition (1860) of 84 pages, on tinted paper, 
well printed, and elegant in all respects, contains letters from twenty-six distinguished physi- 
cists in different parts of the country who are using Mr. Ritcutr’s Apparatus with entire 
satisfaction. These letters bear ample testimony of mechanical skill, and Mr. Rircutie’s recent 
election to a Fellowship in the American Academy of Arts and Sciences attests the scientific 
ability and acquirements with which this skill is directed. A Treatise on the Calculus of Finite 
Differences. — By GeorGe Boots, D. C. L., Honorary Member of the Cambridge Philosophical 
Society, Professor of Mathematics in the Queen’s University, Ireland. Cambridge: MacMillan 
& Co., and 23 Henrietta Street, Covent Garden, London. 1860. pp. 248. A Treatise on 
Plane Co-ordinate Geometry as applied to the Straight-Line and the Conic Sections. With 
numerous Examples. By I. Topaunter, M. A., Fellow and Assistant Tutor of St. John’s 
College, Cambridge. Second edition revised. Cambridge: MacMillan & Co. 1858. pp. 316. 
Elements of English Composition. — Grammatical, Rhetorical, Logical, and Practical. Pre- 
pared for Academies and Schools, by James R. Born, A. M. New York: A. S. Barnes and 
Burr, 51 and 53 John Street. 1860. Class-Book of Botany. — Being Outlines of the Struc- 
ture, Physiology, and Classification of Plants. With a Flora of all parts of the United States 
and Canada. By Atpnonso Woop, A.M. New York: A. S. Barnes and Burr. 1860. 
Manual of Geology: — Designed for the use of Colleges and Academies. By Enenezer Em- 
mons, State Geologist of North Carolina. Illustrated with numerous engravings. Second 
edition. New York: A. S. Barnes and Burr. 1860. Elements of Analytical Geometry and the 
Differential and Integral Calculus. — By Cuartes Davies, LL. D., Professor of Higher Mathe- 
matics, Columbia College, N. ¥. 8vo. pp. 398. New York: A. S. Barnes and Burr. 1860. 
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The following notices of the press are selected from a 


“THE CEntTuRY is our only weekly journal which devotes special 
attention to literature, art, and politics. The facts in all these de- 
partments are duly collated in THE CenTuRY, and commented upon 
with good sense and impartiality. We have never had a paper which 
is so full and faithful a record of current events, opinions, and char- 
acters; the obituary notices alone are worth the annual subscription; 
and in each number is a good specimen of the popular tale, often 
translated from the choicest French and German authors. THE 
CENTURY is now published in an octavo form like the London Spec- 
tator; this is a great improvement, and we trust will increase its 
well-deserved popularity.” — Boston Transcript. 


“The 32 pages of THE Century will offer a rich weekly variety. 
Its reviews of new books, editorials on current topics, and that excel- 
lent feature, its column of obituary notices (the best necrological 
record now published), combine to produce a very interesting paper. 
THE CENTURY in its new dress deserves the patronage of all who 
look for something more than flash tales and sensation stories.” — 

Yew York Evening Post. 


“ We never saw a weekly paper that made itself so nearly an epit- 
ome of the history of the week, in discussing topics of present inter- 
est, in literature, in news, in politics, in trade, in science, and inall 
the various manifestations of the world’s life, as it does. A man 
who takes it, and reads it all, can come as near doing without any 
other paper safely as any sensible man ever ought to come.”— Daily 
Journal, Indianapolis. 


“ We honestly regard THe Century as the best family paper in 
existence in this Union.” — Christian Herald and Messenger. 


“Tue CENTURY combines the strength of a Magazine with the 
freshness of a ee gr We always take THE CENTURY home, to 
read in the enjoyable hours of fireside leisure.”” — Columbus ( Ohio) 

wator. 


“Tne Century stands at the very head of American literature, 
and it has got to be a favorite among all classes of intelligent readers, 
for its ability in its leading editorials, its excellent selections and 
translations, and choice poetry.’’ — Mansfield ( Ohio) Herald. 


“THe Crnrury is a high-toned, independent paper, devoted to 
literature aud the arts — political, social, and moral subjects; while 
at the same time it gives a weekly summary of such news as may be 
of public and general interest. The columns are untainted by any- 
thing that will administer to the diseased appetite, so prevalent at 
the present day, which would feed on the recital of horrid murders, 
with all their harrowing particulars —on obscene crimes related in 
all their debasing minutize; and we only find it such a periodical as 
with safety and profit we may place upon the family table, and with- 
out fear recommend to the young.’’ — Richmond Co. Gazette. 


“It is one of the best family and news journals published anywhere 
and is deserving of a wide circulation throughout the land. We no- 
tice that in speaking of it, some of our contemporaries call it ‘ THE 
New York Century.’ ‘This is doing violence to its principles, and 
putting too narrow a construction upon its aims and objects. 

No pent-up Utica contracts our powers, 

But the whole boundless continent is ours. 
Tue Century belongs to the universal world, and ‘New York’ 
prefixed to its name sounds anomalous and absurd.” — Whitewater 
( Wis.) Register. 


“THE Century has steadily gained favor with the reading public; 
it is the largest and best weekly paper printed in America. Entirely 
independent of all political parties and religious sects, its tone, politi- 
cally and morally, is high and pure. We have not space to note in 





detail, all its excellent features. Suffice it, that while it is a complete 


BBONS, 


York, at $2.50 a Year. 


much larger number of the same general import. 


news paper, it is also the best literary, biographical, historical, and 
scientific paper, that we know anything about.” — Waukegan ( Til.) 
Weekly Gazette. 


“Tt ranks second to no paper in the Union in character and ability, 
and fills a place between the mere political sheet and the bogus story 
tellers, which had not hitherto been supplied. If you are not a sub- 
scriber, send for a single copy, and you will surely become its con- 
stant reader.’”’ — Ellwood Free Press. 


“ Any one wanting a good family paper will do well to subscribe 
7 & 


-for THE Century.” — Cecil Whig ( Md.) 


“ Like the London Literary Gazette and like journals, Tue CEN- 
TuRY will be known for its great ability. The original articles are 
always spicy, and their tone is honest and sound. Under its present 
form, THE CENTURY is fated to become immensely popular.” — 
Kingston ( Ca.) British Whig. 


“THE CentuRY. — The New York Century is the best journal 
published in the New World; each number contains thirty-six col- 
umns of reading matter, exclusive of advertisements, consisting of 
correspondence, biographical and personal sketches, tales, editorials, 
and general intelligence.”” — Fostoria News ( 0.) 


“THE CEntTuRY is the largest, most —— and acknowledged 
by most of the press to be the best paper of its kind ever published. 
It is printed in quarto form, and is devoted to Poetry, Literature, 
Economy, Commerce, Science, the News, and each number contains 
a Meteorological Record, etc., etc.”’ — Berkshire (Mass) Courier. 


“THE Century. — The Century is now in its second year, and 
has established a character which may well be envied by any news- 
paper. In the ability and thoroughness of its editorial discussions, 
In its arrangement and condensation of the current news, in the id 
taste of its literary selections, and in regard to many features which 
we have not room to specify, it has no superior in the country.” — 
Binghampton (N. Y.) Standard. 


“ Both the matter and its arrangement are excellent. We know 
of no paper which we could more highty recommend to the general 
reader.’’ — Ironton ( Mo.) Baptist Journal. 


“ THE CentuRY. —This magnificent family newspaper has received 
from all quarters the highest commendations as a high-toned, fearless, 
independent and able journal. In commencing the new volume, the 
form has been changed from a folio to a neat quarto of thirty-two 
pages, thus bringing it into a shape suitable for binding, which it 
richly deserves.”” — Lyons (N. Y.) Republican. 


“Tuer CENTURY comes to us, for the last week, in a new form. It 
has been changed from the huge quarto to that of thirty-two pages. 
The change is a desirable one to its readers, as the numbers will now 
be of proper size for binding. We have heretofore spoken of this ex- 
cellent weekly newspaper, embracing the richest weekly variety of 
high-toned and instructive reading matter of the choicest kinds. In 
its new dress THE CENTURY is more deserving of a liberal patronage 
than ever before.” — Dundee Record. 


“ The Ne plus ultra of weeklies. No praise can be too great for the 
persons that conceived the idea of giving to the world such a paper.” 
— Somerset County News, N. J. 


“We have received Tue Century, Vol. I. No. 1, new series, — 
a mammoth sheet, quarto form, containing thirty-two pages, each 
page containing matter in amount nearly equal to four common news- 
paper columns. The present form is a very great improvement, and 
it must command a very large sale and subscription list. The cheap- 
est paper of the day.”” — Farmington ( Me.) Patriot. 
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MATHEMATICAL TEXT-BOOKS, 


PUBLISHED BY 
PRATT, OAKLEY, & CO., 
21 Murray Street, New York. 


DODD'S MATHEMATICAL SERIES 


COMPRISES 


Elementary and Practical Arithmetic, 12mo. 291 pages. Price, 50 cents. 
High School Arithmetic, ° ° ° e 12mo. 364 ‘* “6 
Elementary Algebra, . . . ° . 12mo. 217 * 
High School Algebra, . e ° ° ° 12mo. 306 * 
Geometry and Mensuration, . e ° 12mo. 237 * 
Trigonometry (Plane and Spherical), with Applications to Survey= 
ing, Navigation, &c. With Tables. . 12mo. 292 * 
Key to Arithmetics, 38 cents; Key to Algebras, 84 cents. 


The works of Pror. Dopp are commended by eminent scholars as superior text-books for thorough and rapid instruction. 
A TREATISE ON 


ELEMENTARY AND HIGHER ALGEBRA. 


8vo. 551 pages. Price, $2.00. 
By Pror. THEO. STRONG, LL. D., Rutgers College, N. J. 
“Tn the volume before us (Strong’s Algebra) we find many most valuable results of this study, which must be considered as 
positive additions to the science.” — Math. Monthly, April No. 
ELEMENTS OF ALGEBRA. 
Part First. 12mo. 296 pages. Price, $1.25. 
By Pror. J. T. BENEDICT, N. Y. Free Academy. 


By this work the Elementary principles are thoroughly explained and illustrated, and the pupil led progressively to the more 
advanced application of those principles. 


This work is a popular text-book in the schools of New York city. 
P., 0. & CO. ALSO PUBLISH 
BULLIONS’S SERIES OF GRAMMARS, AND PRACTICAL TEXT-BOOKS. 


The English, Latin, and Greek books of this Series are on the same plan, so far as the similarity of the languages will admit 
of it. Dr. Bullions is now preparing a LATIN-ENGLISH LEXICON, which will be published with all possible despatch. 


Oluey’s Geography and Atlas. 


100th Epitrion. Price, $1.13. 
This favorite work for Schools to 1860, with new plates, &c. 


HOOKER’S HUMAN PHYSIOLOGY AND HYGIENE. 
12mo. 446 pages. Illustrated. Price, $1.25. 


BROCKLESBY’S ELEMENTS OF ASTRONOMY. 
12mo. 321 pages. Illustrated. Price, $ 1.25. 
These books are favorite text-books in many prominent schools, and are highly commended. 





GS Pratt, Oakley, § Co. will be pleased to send their DescrirtIvE CATALOGUE, gratis, and copies of the 
above books, post-paid, on receipt of the prices annexed. 























PROFESSOR MITCHELL’S NEW BOOK. 


POPULAR ASTRONOMY. 


By O. M. MITCHELL, LL. D., 
DIRECTOR OF THE CINCINNATI AND DuDLEY OBSERVATORIES. 





1 vol. 12mo. Illustrated. Price, $ 1.25. 


This book is acknowledged by competent critics to be one of the most successful attempts ever made by any 
writer to explain a complicated science to the easy comprehension of the popular mind. 


From the Independent. From the New York Observer. 

“ He throws into living words what others can explain only by | “By far the most complete and finished production of this pop- 
mathematical problems, orreries, and diagrams ; and while his | ular teacher of Astronomy, this volume will not only enhance its 
style kindles with the glow of his subject, it is as clear and brilliant | author's reputation, but will also tend to popularize the science, 
as the brightest starlight.” and bring its sublime realities to the easy apprehension of the 


multitude.” 
From the Church Journal. = 


“ The book is written in a charming manner, and as fascinating} Prom the Haw Nivk Doangeltet. 
in its style as in its subject.” Any one opening the book at random will be drawn along 
from chapter to chapter, by the charm of style and the beauty and 

From the New York Times. brilliancy of the thoughts.” 

“The Professor is one of the earnest, hardworking, faithful la- ou 
borers in the field of science, whose utterances become law, and From the Utica Herald. 
to whom a confiding community awards its unanimous verdict of| _“‘ Professor Mitchell is the Poet of Science. He invests it with 
approval.” all the interest of romance.” 


«> Sent by mail, prepaid, for $ 1.25. 
PHINNEY, BLAKEMAN, & MASON, Publishers, 
G1 Walker Street, New York. 





THE BUILDER, 


A JOURNAL FOR THE 


ENGINEER, ARCHITECT, AND REAL ESTATE OWNER, 
Published every Wednesday, 
BY M. B. MONCK, 


89 Nassau Street, corner of Fulton, New York. 
Marcus B. Moncx. 





TERMS. 


One year, invariably in nanan ° ‘ ° - $2.00 
In CivuBs, one year, ° ° ‘ ° ° . 1.50 
ADVERTISING. — Charge $25 a year for six iin with paper ; $ 15 for six months, or $10 for three 
months. Transient advertisements, 25 cents a line for each insertion. 
NOTICE. — Our friends are particularly requested to take notice, — that no receipts for moneys paid on 
account of subscriptions or advertising to the Builder are valid or will be acknowledged at this Office without 
the signatures of the Proprietors thereto. 


@ Agents wanted in all parts of the United States and Canada. 























BRYANT, STRATTON, & PACKARD'S 
NEW YORK CITY MERCANTILE COLLEGE, 


18 and 19 COOPER INSTITUTE. 


Tus Institution is one of eight, forming the “ National Chain of Mercantile Colleges,” and 


located in the principal commercial cities reaching from the seaboard to the valley of the Missis- 


sippi, viz. : — 


Veto Pork, Pbiladelpbix, Albany, Buffalo, Clebeland, Detroit, Chicago, and St. Louis. 


The facilities afforded in these Colleges for a thorough commercial education cannot be ex 
celled in the country ; and the position which they hold in the community renders a diploma 
which they may issue the best guaranty which a young man can offer of thorough accountant- 
ship. 


A scholarship issued at one point is good for an indefinite period at all. 


’ 


The system of Writing taught at all these Colleges is the pure “ Spencerian,” which is 


acknowledged by all business men and men of taste as the only practical system in use. The 
teachers at the various points are men of marked ability in their several departments, and the 


system of instruction is, in all respects, up to the demand of the times. 


The following testimonial we select from hundreds of similar purport : — 


“Coorer Institute, New York, Nov. 30, 1859. 
“To wnom 1T MAY ConceRN : — 

“It affords me pleasure to state that Messrs. Bryant, Stratton, & Packard have, for a year past, had in operation a branch of 
Bryant, Stratton, & Co.’s Chain of National Mercantile Colleges, in the Cooper Institute, and that it has been eminently successful, 
and promises to be an important adjunct to the educational interests of the City of New York, and the country at large. I have 
found these gentlemen honorable and straightforward in their dealings, and am fully persuaded that they are thoroughly imbued 
with a sense of the importance of their profession. That this is the prevailing sentiment is evident from the class of patronage 
which they have received, and are receiving, at this point. They have now a large class in attendance, including the sons of some 
of our most prominent merchants and professional men, and I have no doubt of their ability to sustain themselves in their pres- 
ent high reputation, and to fulfil any reasonable anticipations of success in their enterprise of establishing Mercantile Colleges in 
the important commercial cities of the Union. Messrs. Bryant, Stratton, & Packard are worthy the sympathy and co-operation of 


all good men. Respectfully, 
“PETER COOPER. 


“DANIEL F. TIEMANN, 
WILSON G. HUNT, 
GEO. K. CHASE & CO., Bankers.’’ 


“ We fully concur in the above statement : 


GS Lor particulars, as to terms and facilities, address as below, for Catalogue and Circular. 


BRYANT, STRATTON, & PACKARD, 
Cooper Institute, New York. 














THIRD EDITION, REVISED. 


HITCHCOCK’S ANATOMY AND. PHYSIOLOGY. 


FOR COLLEGES, ACADEMIES, AND SCHOOLS. 
By President Hircucock, D.D., LL. D., of Amherst College, Author of “Geology,” &c., 
and Epwarp Hircucock, Jr., M. D. 
Illustrated by nearly 400 Engravings; 441 pages. Retail price, $1. 

This work, which has been in preparation for two years past, is now ready. The 
illustrations are unusually full, were executed by superior artists, French and German, 
as well as English. and American, and their first cost was not less than $4,000. It. is 
believed that no school-book yet issued has surpassed this in the value of its illustrations. 


TESTIMONIALS AND NOTICES. 
From B. B. Parsons, Principal of Greenfield High School, Mass. 
“T am much gratified with Hitchcock’s Anatomy and Physiology. It has a sharpness of definition and a 
—s of language, blended with an attractive style, that is refreshing in this age of words and wordy text- 
s.’ 


From the Springfield Republican. 

“ The most full and accurate elementary work on these subjects that has come to our knowledge. It can 
hardly fail to be widely appreciated, and to become the general text-book in our colleges and schools. The 
illustrations are numerous and excellent, and the chapters on Comparative and Microscopic Anatomy are a 
valuable addition to the ordinary contents of books of this class.” 


From Dr. Joun Incram, Superintendent of Public Schools, Savannah, Ohio. 
“ A work of superior merit, greatly in advance of any similar work with which I am acquainted.” 


From the Troy Daily Arena. 
“ We have examined this work with care, and unhesitatingly recommend it to teachers as the very best 
work of its grade published in this country.” 


From the Chicago Daily Times. 
“‘ The best work on the science of Physiology, for use in schools, that has ever been published.” 


From the N. W. Home Journal. 
“The best of the kind that it has been our fortune to examine.” 


From the Otsego (N. Y.) Republican and Democrat. 
“Tts fulness and copious illustrations, particularly of Microscopic Anatomy, make it not only eminently 
fitted for schools, but an interesting and instructive book for home reading. As an elementary book it is ex- 


haustive. 
From D. Franxuin WE tts, A. B., Principal of the State University of Iowa. 
“Tn fulness of illustration it is superior to every elementary work with which I am acquainted. Its suc- 
cess as a text-book is certain.” 


From the Illinois Teacher, (the State Educational Journal.) 
“ Speaking with the advantage of a professional knowledge of the subject, we say that we recommend the 
book very strongly It is excellent, and the price is low.” 
Single copies mailed, pre-paid, for $1, and to Teachers for 50 cents, for examination, with a view to intro- 


re ae aan IVISON, PHINNEY, & CO., 


Nos. 48 and 50 Walker Street, N. Y. 


THE CAPITAL COLLEGE. 
BRYANT, STRATTON, CALKINS, AND CLARK’S 
Albany Mercantile Gollege, 
446 and 448 Broadway, Albany, N. Y. 


One of the associated Colleges located at Albany, New York, Philadelphia, Buf- 
falo, Cleveland, Detroit, Chicago, and St. Louis. A Scholarship admits the holder to 
any of the schools, as his interest or inclination may dictate. 

These Colleges have acquired a NATIONAL REPUTATION, and their facilities and 
success are without a parallel, as the thousands who annually attend them will testify. 

Catalogue and Circular, with specimens of Spencerian Penmanship, will be for- 
warded without charge, to any address, on application to 


BRYANT, STRATTON, & CO., 
ALBANY, N. Y. 
































EDWARD G. KELLEY, | 
PRACTICAL CHEMIST, 
PROFESSOR OF CHEMISTRY, GEOLOGY, AND MINERALOGY. 


Importer and Manufacturer of all kinds of 


Chemical and Philosophical Apparatus, 


AND PURE CHEMICALS. 
CABINETS OF MINERALS FOR SALE, 


AT THE OLD STAND, 116 JOHN STREET, NEW YORK. 
ESTABLISHED IN 1846. 


AS Kelley's Illustrated Catalogue, containing over 300 cuts, will be sent by mail, on application. 





TWO NEW TEXT-BOOKS IN PRESS, 


ON ELEMENTARY GEOLOGY, 


FOR 


SCHOOLS, ACADEMIES, COLLEGES, AND GENERAL READING. 


I. FIRST PRINCIPLES OF GEOLOGY. 


A Hew and Improved Cext-Book on Geology, 


Descriptive and Industrial, especially designed to furnish an Elementary Ouiline of the science of Geology, 
and a course of study adapted to the limited time allotted to the subject in the majority of 
High Schools, Academies, and Colleges. 


Illustrated with numerous Engravings. 1 vol. 12mo. 


By DAVID A. WELLS, A. M., 


Author of “ Principles of Natural Philosophy,” ** Principles of Chemistry,’ Editor of 
* Annual of Scientific Discovery,’”’ &c. 

This work will be characterized by the same excellences as the other popular works of Mr. Wells, on 
Physical Science; introducing new, interesting, practical, and attractive matter, with numerous fresh illus- 
trations. It will be peculiarly adapted fora First or Primary Text-Book, divested of abstruse techni- 
calities and reasonings, and giving the application of geology to the useful arts. Its concise style will reduce 
it below the size and cost of the author's text-books on Philosophy and Chemistry, — perhaps to 75 cents, at 
retail, — combining economy of time and expense where a limited course of study is desired. 


Il, ELEMENTARY GEOLOGY. 
By EDWARD HITCHCOCK, D.D., LL. D., Professor in Amherst College, 
AND 
CHARLES H. HITCHCOCK, A. M., Lecturer on Zoology, &e. 


A new Edition. Remodelled, mostly re-written, with several new chapters, and brought up to the present 
state ef the science, the whole especially adapted to the use of Schools, Academies, and Colleges, 
and the general reader. Thirty-first Edition. 


The thousands of students of Pres. Hitchcock’s long known standard text-book on Geology will only need 
to learn that to this work he and his son have added the results of experience, and the advance of science and 
research to the present day, and revised and improved the arrangement of subjects. Among the new matter, 
attention is called to the chapters on Metamorphism, Technology, Paleontology, American Geology, and the 
Applications of the Science to Agriculture, Engineering, Mining, Ge. Many new «nd valuable engravings are 
added and substituted for those in the previous work, notwithstanding which the book will probably be 
afforded at the’same price, viz. $1.25 at retail. The typography and most of the illustrations are entirely new. 

Both the above works may be expected probably by July. There are several hundred new engravings, 
American and foreign. 

















